ANGINAL episodes can be prevented by the administration of effective drug therapy. Nevertheless, disagreement exists as to the prognosis of patients who have silent myocardial ischemia (SMI) as revealed by exercise testing and Holter electrocardiograms. Some authors report that the prognosis is as poor for patients with SMI as for those with anginal pain,1-5) while still others report that SMI carries a favorable prognosis.6-10) Such differing prognoses for patients with SMI are likely due to differences in the selection criteria, which in turn are due to differences in the severity of coronary artery disease and cardiac function, and 
RESULTS
Background of subjects: The clinical characteristics of the subjects in the two risk groups are shown in Table I . A history of a prior myocardial infarction was present in significantly (p<0.01) more of the high-risk than the low-risk patients. The frequency of nitrate use was also significantly (p<0.05) greater in the highrisk group. The results of exercise thallium-201 imaging, coronary angiography, and left ventriculography are shown in Table II . The maximal systolic blood pressure observed during exercise testing was significantly (p<0.01) higher in the low-risk than in the high-risk group. The maximal heart rate and rate pressure product (RPP) did not differ significantly between the two groups. Exercise-induced STsegment depression was observed in 165 of the 222 cases (74%) and occurred with a significantly greater incidence in the high-risk vs. the low-risk group . A positive redistribution was observed in 133 of 222 cases (60%), being significantly (p<0.01) more frequent in the high-risk vs. the low-risk group. The number of diseased coronary arteries was also significantly (p<0.01) greater and the asynergy score significantly (p<0.01) higher in the high-risk group. The incidence of left ventricular aneurysm was also significantly (p<0.05) higher in the high-risk group, while the LVEF was significantly (p<0.01) lower in the highrisk group. Thus, the severity of the myocardial ischemia as well as the coronary angiographic and left ventriculographic findings were significantly greater in the high-risk group. Incidence of cardiac events: The incidences of cardiac events in the low-and high-risk groups are shown in Table III . The overall incidence of cardiac events was 13% (28/222 cases), with 3 cases of cardiac death, 10 cases of non-fatal MI, and 15 cases of unstable angina. The incidence of cardiac events was 8% in the low-risk group and 17% in the high-risk group (p<0.05). As shown in Table III , cardiac events in the low-risk group included 4 cases of non-fatal MI and 5 cases of unstable angina, with no cases of cardiac death. However, in the high-risk group, there were 6 cases of non-fatal MI, 10 cases of unstable angina, and 3 cases of cardiac death. thallium-201 imaging, and no anginal symptoms.
The incidence of cardiac events in the high-risk group was higher in the cases with a positive redistribution than in those with a negative redistribution.
Cardiac events and prognosis:
The cumulative cardiac-event-free survival in the low-and high-risk groups is shown in Figure  1 . The Kaplan-Meier analysis revealed a significantly (p=0.020) lower survival rate for the low-risk group. As shown in Table IV , the most powerful or significant predictors for cardiac eventfree survival were: overall, the presence of redistribution on exercise thallium-201 imaging (p=0.041); in the low-risk group, the number of coronary arteries (p=0.160), and in the high-risk group, the presence of redistribution on exercise thallium-201 imaging (p=0.034).
The cumulative rate of cardiac-event-free survival evaluated by positive vs.
negative redistribution in the low-and high-risk groups is shown in Figure 2 . While no significant difference was observed between the incidence of positive and negative redistribution in the low-risk group, a significant difference between these redistributions was observed in the high-risk group (p=0.047).
DISCUSSION
In patients in whom the results of exercise testing suggest the presence of ischemic heart disease, the diagnosis can be confirmed by performing stress myocardial scintigraphy and coronary angiography. Although markers for myocardial ischemia include variously a decrease in coronary flow, an abnormality in myocardial metabolism, the presence of diastolic and systolic dysfunction, electrocardiographic changes, and the presence of anginal pain, we used exerciseinduced ST-segment depression and positive redistribution in the exercise thallium-201 scintigraphy as markers for myocardial ischemia. We observed a 74%
incidence of exercise-induced ST-segment depression and a 60% incidence of positive redistribution in such cases. The occurrence of myocardial ischemia was significantly higher in the high-risk group for both tests. The reason was attributed to a greater proportion of severe cases in the high-risk vs. the low-risk group.
This greater severity was based on a comparison of the characteristics of the two groups. For instance, the number of patients with a history of MI, the frequency of antianginal drug use, and the cases of multi-vessel lesions and left ventricular dysfunction were all significantly greater in the high-risk group.
Limit of the subject: In more than 70% of our series, anginal episodes disappeared and ST-segment depression on treadmill exercise test improved during treatment with anti-anginal drugs. The purpose of the present study was to assess the myocardial ischemia by redistribution, not by ST-segment changes. In the present study, asymptomatic patients during the exercise thallium-201 image consisted of two groups: one (89 patients) without redistribution and with or without significant ST-segment depression, and the other (133 patients) with redistribution and with or without significant ST-segment depression. Thirtythree of the 165 asymptomatic patients with ST-segment depression showed no redistribution on exercise thallium-201 imaging.
The reproducibility of redistribution was not confirmed because there were few patients who underwent exercise thallium-201 imaging more than twice.
However, we excluded the patients with vasospasm from this study, and assessed the effort angina patients with fixed coronary stenosis. The reproducibility of severity and distribution in the ischemic region in exercise thallium-201 imaging is reportedly very high.21) We believe, therefore, that the results of inducible ischemia by exercise thallium-201 imaging are reproducible.
High-risk patients: We classified the low-and high-risk groups in the present study based on the results obtained from left ventriculographic findings at rest, exercise thallium-201 imaging, and coronary angiography. The Coronary Artery Surgery Study (CASS) 19) found no differences in the 7-year survival rate between patients with silent myocardial ischemia (as determined by exercise testing) and patients with exercise-induced chest pain. The prognosis for both groups worsened with an increase in the number of coronary artery lesions. Patients with three-vessel disease and left ventricular dysfunction had the poorest prognosis. Coronary artery bypass grafting surgery is reportedly an effective treatment in such patients. Mazzotta et al.20) reported that the 6-year survival rate for asymptomatic or mildly-symptomatic patients with left ventricular dysfunction at rest was 97% in those with one-vessel disease and 62% in those with two-vessel disease. These findings indicate a poor 6-year survival rate in patients with twovessel disease. In that study, important predictors of cardiac events were a change in the exercise ejection fraction and the exercise-induced ST-segment depression. Therefore, the patients at high-risk were those with two-and three-vessel disease and who had left ventricular dysfunction and inducible ischemia.
In the present study, we also defined such patients as being at high-risk.
Their prognosis was poor and the positive redistribution on exercise thallium-201
imaging was a predictor of cardiac events. This reconfirmed the necessity for coronary artery bypass graft in such patients. In addition, the usefulness of exercise thallium-201 imaging for detecting myocardial ischemia in high-risk patients is suggested.
Low-risk patients: To date, the only investigation of the prognosis of low-risk patient is that by Quyyumi et al.,10) who evaluated asymptomatic or mildly symptomatic patients with coronary artery disease who were being managed medically, but high-risk patients who required revascularization. In their study, the incidence of acute coronary events was 7%, 8 of 116 patients, including 7 cases of acute MI and 1 case of unstable angina. Silent myocardial ischemia was not observed by Holter monitoring in 7 of 8 patients that developed acute cardiac events. The authors concluded that the predictor of coronary events in low-risk patients could not be based solely on electrocardiographic findings. We observed 9 cases (8%) of coronary events in the 110 patients in the lowrisk group. Four patients had a non-fatal MI while five developed unstable angina. The number of diseased coronary arteries was the only powerful prognostic indicator of cardiac events in the low-risk group. If we defined a positive redistribution to be myocardial ischemia, coronary events occurred in 3 cases (7%) in patients with myocardial ischemia and in 6 cases (9%) without myocardial ischemia, with no significant difference observed between the two groups in this respect. The There were 4 cases of non-fatal MI in the 6 cases in which no redistribution was observed. In one of the latter, reinfarction occurred in a noninfarcted area in which no significant stenotic lesion had previously been observed. The remaining 3 cases had no history of MI, and had one-vessel disease. However, the infarctrelated artery was present in a region without significant stenotic lesions. Because it is difficult to predict cardiac events from the coronary angiographic findings, it is suggested that a comprehensive regimen of drug therapy and the regular evaluation of myocardial ischemia are required in such cases. Major cardiac events occurred regardless of the presence or absence of redistribution in the low-risk patients. The incidence of major cardiac events in the low-risk group was unrelated to the presence of redistribution.
Many published reports state it is not possible to predict the progression to unstable angina from previously stable angina, or the onset of reinfarction from acute MI and coronary angiographic findings. [22] [23] [24] [25] [26] However, in the present study, the prediction of cardiac events was feasible in the high-risk group by the observation of a reversible defect on exercise thallium-201 imaging. It was not possible to predict which low-risk patients would likely develop an acute MI. This finding supports that of Quyyumi et al,10) despite the differing method used to detect myocardial ischemia. We determined that the criteria for selecting patients with silent myocardial ischemia to receive drug therapy include the following: 1) oneor two-vessel disease with left ventricular function at rest, regardless of the presence of reversible defects; 2) one-or two-vessel disease with left ventricular dysfunction at rest but without inducible ischemia by exercise thallium-201 imaging; and 3) three-vessel disease without either left ventricular dysfunction at rest or myocardial ischemia by exercise thallium-201 imaging. It is also concluded that patients with acute MI who demonstrate negative redistribution require an analysis of the morphological changes in the stenotic lesions as well as of the composition of atheromatous plaque by means of percutaneous coronary angioscopy27 29) and intracoronary ultrasound imaging . 23, [30] [31] [32] 
